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Abstract

In many industries, such as the automotive industry or consumer electronics, the demand for lithium-ion
batteries is increasing significantly. The state of the art in battery production is energy-consuming and cost-
intensive. The drying process of the viscous active material applied to the conductor foils, together with the
coating process, is responsible for more than half of the production costs of an electrode. The high energy
consumption of conventional drying processes, such as convection drying, must be reduced. Therefore, lasers
are used to dry the active material of the electrodes. Further advantages are the low footprint and the
increased process flexibility. Moreover, the controlled energy deposition and the spatially selective heat
input increase the energy efficiency of the process innovation laser drying. In this review, the results of
experiments on drying anodes by laser are compared with the results of convection drying. For this purpose,
different production process parameter combinations and material compositions for anodes are chosen in
order to be able to derive the process and material influences on the electrode quality.

Keywords

Battery production; Lithium-ion battery; Electrode manufacturing; Production process innovation;
Sustainable production; Laser drying

1. Introduction

In order to achieve the environmental policy climate targets, at both national and international level, the
reduction of CO2 emissions in the transport sector is of central importance. These environmental policy
climate targets are key factors in the current upheaval in the automotive industry. In recent years, automotive
manufacturers have increasingly shifted their focus away from combustion engines to electromobility [1].

However, this upheaval is associated with many challenges. Two major challenges are the high cost of
electric vehicles (EV) and the reduction of the carbon footprint over the total life cycle. The production costs
of EVs are significantly higher due to the battery as a key component compared to conventional drives. [2,
3] One of the main influencing factors for the costs and energy consumption of battery production is the
drying process with its high investing costs, high energy consumption of natural gas and resulting operating
costs. [4, 5, 6] Kiipper et al. showed that the coating and drying process is responsible for 54 % of the
electrode production costs while these constitute about 39 % of the costs of battery cell production.
Therefore, the coating and drying process makes up about 21 % of the total battery cell production costs [7].
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In recent years, research began on laser drying as a potential substitute for the conventional drying process.
Lasers have already been used in industry in many areas as part of a variety of processes such as laser cutting,
laser welding, laser processes for surface treatment or drilling and ablation with lasers [8]. Vedder et al.
already showed that the drying of water-based anodes or cathodes containing lithium iron phosphate as active
material is basically possible with almost similar quality regarding the conventional drying process [9]. The
key advantages of drying electrodes by laser instead of convection drying are their high energy efficiency
and small machine footprint which potentially results in lower invest and operating costs.

Nevertheless, the factors influencing the electrode quality dried by laser have hardly been researched. This
publication aims to continue research in the field of laser drying of electrodes. The material and process
sided factors influencing the drying quality of electrodes will be discussed. In the context of this publication,
the electrodes have undergone the processes of mixing, coating, and either convection or laser drying.

2. Experimental Set-up

The battery production process is divided into three sections: Electrode manufacturing, cell assembly and
cell finishing. In order to classify the subsequent experimental set-up, the process chain, showed in figure 1,
of electrode production is described in detail and discussed below regarding laser drying [10].

Electrode . . . .

Figure 1: Electrode manufacturing process chain
2.1 Processes in electrode manufacturing

The first manufacturing step is mixing. Here, binders such as styrene-butadiene rubber (SBR),
carboxymethyl cellulose (CMC) and solvent are added to the active material (graphite). Furthermore, added
conductive carbon black increases the electrical conductivity of the final cell [11]. The individual
components are precisely weighed and stirred in a mixing unit. In addition to the material composition,
process parameters like speed and mixing time determine the mixing process [4].

The mixing process is followed by the coating and drying of the slurry on the carrier film in a roll-to-roll
process. A pump conveys the slurry evenly to the coating tool, which depends on the application method
used. A distinction is made here between slot die, doctor blade or coating roller processes. [12] The carrier
film is unwound from a coil at a defined web speed. The coating thickness can be varied depending on the
web speed and the set pump speed with which the slurry is transported to the coating tool. In the case of the
slot die application tool, the choice of shim plate and the distance between slot die and foil influence the gap
width and thus the coating width and thickness. [4]

The structure and properties of the electrodes are also influenced by the subsequent drying process. The
drying process has a significant influence on the quality of the cells and the production scrap rates. The task
of drying is to dissolve the solvents from the applied coating and thus to dry the coating. Convection drying
is the most common variant in practice, as the air flow generated is also used to remove the evaporated
solvents [13]. Other drying options include infrared and laser dryers. This is followed by calendering, in
which the electrode foil undergoes a rolling process. Then the coated film goes through the process steps of
slitting and vacuum drying. After that, the cell is assembled, before the quality properties are finally checked
for the last time in the cell finalization. [4]
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2.2 Trial setup und process parameters

For the coating process in the underlying experimental setup, a one-sided coating system with a slot die is
used. The web speed is adjusted by a drive located on the unwinder mandrel. In this way, different process
speeds can be achieved. The slurry is conveyed to the slot die by a gear pump. The flow rate can be regulated
by varying the pump speed.
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Figure 2: construction of the coating and drying process

material

After the coating process, the active material is dried on the 10 um thick copper substrate foil. Two
independent options are available for this in the experimental set-up used. In the first step, drying is done by
a convection oven with a length of 3.5 m. Therefore, two drying chambers are present in which the solvent
is evaporated by hot air. The temperatures in the two chambers can be set manually and differ. The second
drying option shown in figure 2 is a diode laser. The laser used has a maximum output power of 8,000 W.
In addition, a wavelength range of 900 to 1,080 nm is available. The zoom optics of the laser in the roll-to-
roll process are located behind the slot die. The radiation hits the carrier foil perpendicularly on a 16 x 17
cm laser spot. A control module allows the laser power and thus intensity to be adjusted. After the drying
process, the dried film is wound onto a coil with the help of a web edge control system.

Four different compositions, shown in Table, are mixed. Mixture 1 is a typical slurry recipe that is used in
the industry in terms of substance concentration and used materials [14]. The other recipes are characterized
by increasing the proportion of SBR (mixture 2), CMC (mixture 3) or solvent (mixture 4).

Table 1: Material composition of four tested mixtures

Mixture 1 2 3 4

Components of the Mass percentage  Mass percentage  Mass percentage ~ Mass percentage
mixture [wt%]p [wt%]p [wt%]p [wt%]p

Graphite 423 42 422 41.5

SBR 34 4.2 34 3.3

CMC 0.9 0.9 1.1 0.9

Conductive carbon

black 0.4 0.4 0.4 0.4

Solvent 53 52.5 52.9 53.9

In addition, the process parameters of the coating and drying tests are varied. A distinction is made between
the web speed, the pump speed and the heating temperatures of the two chambers or the laser intensity,
whereby either convection or laser drying is used. Table 2 shows the used parameter sets of the coating
process.
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Table 2: Process parameter sets

Process parameter sets 1 2 3 4 5 6
Web speed [m/min] 0.8 0.8 1.3 1.3 1.8 1.8
Flow rate [cm?*/min] 21 25.2 30.8 33.6 44.8 47.6
Temperature of heating

chamber 1 [°C] 130 130 130 130 130 130
Temperature of heating

chamber 2 [°C] 110 110 110 110 110 110
Laser intensity [W/cm?] 2.33 2.33 2.68 2.68 3.22 3.22
Total energy input per

area [J/Cmg]y 29.71 29.71 21.03 21.03 18.25 18.25
Wet film thickness [um] 169 203 153 167 161 171

The aim of the different compositions and process parameters is to investigate the influence on residual
moisture content and the adhesion of the active material to the copper foil as the key quality parameters of
the electrode drying process.

3. Process-sided evaluation

For the evaluation on the process side, the conducted analysis concentrates on the first and the fourth material
compositions from Table 1 (mixture 1 and 4). A higher solvent content results in a more homogeneous
mixture compared to the standard mixture. To assess the quality of the electrodes, samples of the coated foil
are examined with regard to residual moisture and adhesion. The residual moisture is determined using a
residual moisture meter and is measured by drying the sample and measuring the change in weight in parallel.
The residual moisture content thus results from the difference in weight of the sample between the time
before and after the drying process. To measure the tensile force, a punched-out sample of the coated film is
stuck onto a stamp with adhesive tape. Another stamp (again equipped with adhesive tape) then moves onto
the sample and presses it onto the other stamp with a previously set force. After that, the stamp is moved
upwards at a constant speed. The force at which the coating is released from the carrier film is measured.

3.1 Convection drying

In order to obtain reference values for the assessment of laser drying, convection drying is discussed first.
Figure 3 shows the results of the residual moisture and adhesion tests over the six sets of process parameters
investigated with convection drying, which can be found in Table 2. The temperatures in the chambers of
the dryer were kept constant throughout the drying process.

The residual moisture results of the mixture 4 are clearly above those of the mixture 1. This can be explained
by the almost 1 % higher mass fraction of the solvent, which does not evaporate equally to the standard
mixture during drying. In addition, the residual moisture increases when the flow rate ceteris paribus (c.p.)
is increased. This can be seen in the transitions from parameter set 1 to 2, 3 to 4 and 5 to 6. An increased
flow rate results in a higher wet film thickness, which means that more coating has to be dried in the same
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time. This results in a higher residual moisture content. Therefore, it can be seen that an increased wet film
thickness results in an increase in residual moisture.
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Figure 3: Residual moisture and maximum tensile stress Figure 4: Residual moisture and maximum tensile stress
of convection dried anodes of laser dried anodes

The analysis of the adhesion results shows a higher tensile stress of the mixture with increased solvent
content compared to the standard mixture across all process parameter sets. This can be explained by an
improved homogeneity of the slurry. The binder CMC has a high water absorption and can develop its
potential better with an increased solvent content. This effect is explained in chapter 4.

At web speeds of 0.8 and 1.8 m/min, an increase in flow rate c.p. results in a decrease in tensile stress. A
higher wet film thickness results in a lower tensile stress of the coating to the carrier film. This was not
confirmed at a web speed of 1.3 m/min, an anomaly was revealed here. However, the standard mixture at
process parameter set 3 also has a higher residual moisture than the mixture 4. This suggests that these
samples should not be given the same importance as the other web speeds. The highest tensile stress of
69.33 N/cm? results from the solvent mixture with a web speed of 1.3 m/min and a flow rate of 33.6 cm*/min.
The residual moisture is also low (3.21 %) across the process parameter sets at this web speed and the lower
flow rate. Only the standard compound at a web speed of 1.3 m/min and a flow rate of 33.6 cm*/min shows
a lower residual moisture. However, this results in a significantly lower tensile stress, which clearly shows
that the solvent mixture is superior to the standard mixture in convection drying in terms of residual moisture
and adhesion.

3.2 Laser drying

The diode laser is used to dry the electrodes. The laser spot on the electrode surface is 16 cm wide
(corresponds to the coating width on the film) and 17 cm long (in the direction of movement of the film).
First, a laser intensity was defined experimentally for each web speed at which the coating is dry, but the
surface condition is not impaired by an excessive intensity. This results in a laser intensity of 2.33 W/cm?
(total energy input per area of 29.71 J/cm?) for parameter sets 1 and 2, an intensity of 2.68 W/cm? (total
energy input per area of 21.03 J/cm?) for parameter sets 3 and 4 and an intensity of 3.22 W/cm? (total energy
input per area of 18.25 J/cm?) for parameter sets 5 and 6. It is noticeable here that the correlation between
the increase in web speed and the increase in laser intensity is not linear in the lower tenth of the possible
laser power.

In order to achieve sufficient drying results, the laser intensity does not have to be nearly doubled when the
web speed increases from 0.8 m/min to 1.8 m/min (corresponds to an increase of 225 % and raise in laser
intensity of 20 %). The diode laser achieves more precise focusing for higher intensities (above 10 % of the
maximum capacity), so that for the low web speeds of 0.8 m/min and 1.3 m/min a higher total energy input
per area is required to achieve a sufficient drying result.
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3.2.1 Adhesion

Figure 4 shows the maximum tensile stress of mixture 1 and mixture 4 anodes. Here, three samples per
process parameter combination were evaluated and the mean value of these three were determined. The
standard deviation is shown by means of a corridor around the points.

The tensile stress of mixture 4 is higher than that of mixture 1 for all process parameter sets. This is due to
the improved homogeneity of the slurry. For the web speeds of 0.8 and 1.8 m/min, increasing the flow rate
c.p. results in a low tensile stress (parameter set 1 to 2 and 5 to 6). At the web speed of 1.3 m/min, the tensile
stress increases when the flow rate c.p. is raised, and even significantly for mixture 4. To figure out the
reason for this, Table 2 shows the wet film thicknesses of the process parameter combinations. From
parameter set 1 to parameter set 2 the flow rate increases by 20 %, from 3 to 4 by 9 % and from parameter
set 5 to 6 by 6 %. These percentage changes are also reflected in the wet film thicknesses. A too high wet
film thickness has a negative effect on the distribution of the binders, which reduces the adhesion of the
coating. Process parameter set 3 has a lower wet film thickness compared to parameter set 1, but also a lower
total energy input per area, resulting in similar tensile stress results to parameter set 1. When the flow rate is
increased to 33.6 cm*/min the wet film thickness increases to 167 um. With mixture 4 the tensile stress
doubles, with the mixture 1 there is also an increase in tensile stress. This can be attributed to the fact that
the laser radiation at parameter set 3 has influenced the effect of the binders due to the lower wet film
thickness. The binders cannot exert their property of supporting adhesion. This is probably due to the binders
were partially destroyed by the laser intensity. This effect can be compensated with an increased wet film
thickness, as the laser has to dry more coating in the same time. The positive adhesion property of the binders
thus remains, which is shown by the increase in tensile stress. An increase in the wet film thickness (process
parameter set 6) leads to a decrease in the tensile stress, as with the web speed of 0.8 m/min. Finally, it can
be stated that a too low wet film thickness has negative effects on the binders (parameter set 3). Increasing
the wet film thickness can avoid this effect. However, there is a limit here. If the wet film thicknesses are
above 170 um, this results in a drop in the tensile stress. For mixture 1, a combination of a web speed of
1.8 m/min with a flow rate of 44.8 cm*/min and a total energy input of 18.25 J/cm? is optimal, whereas for
mixture 4, a web speed of 1.3 m/min with a flow rate of 33.6 cm?/min and a total energy input of 21.03 J/cm?
provides the highest stresses.

322 Residual moisture

The residual moisture values of mixture 1 and mixture 4 are listed in Figure 4. The results of the residual
moisture test for all parameter sets (except parameter set 2) are higher for mixture 4 than for mixture 1. This
can be explained by the increased solvent content, which cannot evaporate in the same time. When enlarging
the flow rate c.p. (parameter set 1 to 2, 3 to 4 and 5 to 6) the residual moisture increases. The increased flow
rate results in a higher wet film thickness, which means that more solvent has to be dried and the residual
moisture increases. Only with the solvent mixture at a web speed of 1.3 m/min (parameter set 3 and 4), the
residual moisture remains constant. If the standard deviations of the values are considered, this irregularity
can be eliminated. The residual moisture values are in a similar range over all web speeds because the
intensity has been adjusted so that the coating is visible dry. For the first process parameter set, the residual
moisture is just under 3 %. If the flow rate is increased by 20 % (parameter set 2), the residual moisture
increases by more than 30 % for mixture 1. With mixture 4, on the other hand, only a 10 % increase in
residual moisture from parameter set 1 to parameter set 2 is discernible. From this it can be deduced that
there is no direct linear relationship between flow rate and residual moisture. Furthermore, an interplay
between residual moisture and adhesion can be observed. At the web speeds of 0.8 m/min and 1.8 m/min it
is evident that a higher residual moisture leads to a lower adhesion (parameter sets 2 and 4). This can possibly
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be explained by a better utilisation of the adhesion properties of the binders at a lower moisture content of
the coating [15].

In addition, process parameter set 5 provides better quality parameters for both mixture 1 and mixture 4
compared to the other five parameter sets. For mixture 1, parameter set 5 has the lowest residual moisture of
the series of 2.56 % and for mixture 4 the second lowest residual moisture of 3.51 %. The total energy input
per area of 18.25 J/cm? is sufficient for a dry coating result. The tensile stresses for this process parameter
set are also in the upper range of the measurement series. Therefore, a suitable process window can be
characterised with this process combination.

Moreover, the results of the residual moisture of the laser drying are compared with those of the convection
drying. Overall, both mixture 1 and mixture 4 showed slightly better results than the residual moisture of
convection drying on average for the first six sets of process parameters. The average value for the mixture 1
was approximately 0.03 % lower for laser drying than for convection drying. For mixture 4 there was a
difference of approximately 0.07 %. Firstly, the results of mixture 1 are considered in detail. For process
parameter set 1, the residual moisture by laser drying is below that of convection drying. If the flow rate is
increased (parameter set 2), a higher laser intensity is needed to reach the residual moisture content of
convection drying. The same findings can be transferred for the web speed of 1.3 m/min (parameter sets 3
and 4). At the high web speeds of 1.8 m/min, the residual moisture results of laser drying with both flow
rates tested are below those of convection drying. Even with a reduced energy input per area of 15.19 J/cm?
(parameter set 8), a comparable residual moisture to convection drying can be achieved. This is 0.09 %
higher than that of convection drying (parameter set 5). This negligible difference can be accepted due to a
significantly higher tensile stress. Besides, the residual moisture results of mixture 4 of laser drying and
convection drying are compared in detail. For a web speed of 0.8 m/min, the residual moisture values of
laser drying for both flow rates are below those of convection drying (parameter sets 1 and 2).

At a web speed of 1.3 m/min, the residual moisture values of convection drying cannot be achieved with the
selected laser intensity of 21.03 J/cm?. The reason for this is the increased solvent content. At the high web
speeds of 1.8 m/min, laser drying with the selected energy input per area of 18.25 J/cm? dominates
convection drying at both flow rates tested.

4. Material-side evaluation
4.1 Material-sided influences

Beside the concentration of solvent, the concentration of CMC is one of the main material-sided influencing
factors on the residual moisture. As a result of the high water reactivity of CMC, there is increased water
absorption [16]. This leads to a higher residual moisture content of the coating after drying. The tensile
stresses after drying are positively influenced mainly by higher binder concentration, lower solvent
concentration and film thickness and a higher homogeneity. [15, 17, 18]. Furthermore, the understanding of
the binders CMC and SBR is important. While CMC is used as a thickening and setting agent, SBR increases
the elasticity of the coating [19, 20]. Consequently, the shrinkage forces acting on the coating during drying
can be absorbed favorably. If the SBR concentration is too low, cracks may occur because of the plastic
absorption of these shrinkage forces [21]. Furthermore, these cracks can lead to adhesion losses [22].
Regarding the surface finish, a higher binder concentration also has a positive effect on the surface quality
as a result of better filling of the cavities, especially for SBR. [6, 23]
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4.2 Residual moisture

The reductions of the residual moisture contents, which were achieved by laser drying in comparison to
convection drying, are shown in Figure 5. Here, the standard deviations are not to be understood as drying
or measuring accuracy, but rather the range in which the measured values of the parameters sets 1, 3 and 5

lie.
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Figure 5: Residual moisture of all mixtures dried by

First, the residual moisture contents after convection drying are considered. The humidity after convection
drying of mixture 2 has the lowest average measured value because of the lowest concentration of solvent.
Further on, mixture 3 has the highest average residual moisture. This can be attributed to a higher water
absorption due to increased CMC (see section 4.1). Mixture 1 shows the second lowest average measured
humidity after convection drying. It is higher compared to mixture 2 due to an increased concentration of
solvent. Apart from that, mixture 4 exhibits a higher average residual moisture than mixture 1 also as a result
of the increased concentration of solvent and has a lower residual moisture than mixture 3. This is potentially
due to the effect of water absorption on the humidity after drying, caused by the increased proportion of
CMC, is stronger than the effect of the higher concentration of solvent regarding the mixture with a higher
proportion of solvent.

In order to analyze the results after laser drying, the absorption coefficient of the coating in particular must
be considered, because the absorption of laser radiation is determined by the absorption coefficient. It is
essentially influenced by the graphite concentration of a material composition. [24] In Table 3, the graphite
concentrations and the differences between the residual moistures of the coatings after laser drying and
convection drying are shown. The results of the convection drying are used as the reference values. It is
clearly seen that the highest reductions of the residual moisture contents were reached by the mixtures with
the highest mass percentage of graphite, the standard mixture (total graphite concentration of 42.3 %) and
the mixture with an increased proportion of CMC (total graphite concentration of 42.2 %). The mixture with
an increased proportion of solvent shows a reduction of residual moisture after laser drying of 1.67 % in
comparison to the residual moisture after convection drying.

Table 3: Graphite concentrations and differences of laser-dried and conventionally dried mixtures

Standard : . Solvent

mixture CMC mixture SBR mixture mixture
Graphite concentration 423 422 42.0 41.5
Difference of residual 1171 % 1856 % +1.34% 1.67%

moisture

Mixture 2 shows about 1.34 % higher residual moisture after laser drying in comparison to convection
drying. Regarding the graphite contents, it is unexpected that a higher reduction of the average measured
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humidity was achieved after laser-based drying of mixture 4 than after laser-based drying of mixture 2.
Looking at the results of the residual moisture testing of each parameter, mixture 2 shows an unexpectedly
high residual moisture content after laser-based drying by parameter set 2. This unexpectedly high value
caused a higher average measured humidity after laser-based drying of this mixture.

To sum up the results of the residual moisture tests, it is shown that the higher concentrations of solvent and
CMC lead to higher moisture contents after the drying process. Furthermore, regarding the laser-based
drying the graphite concentration significantly influences the humidity due to higher absorption coefficients.
Therefore, higher concentrations of graphite lead to higher absorption coefficients and these in turn lead to
lower residual moisture contents.

4.3 Adhesion

The conventionally dried mixture 3 shows the highest average maximum tensile stresses due to higher binder
concentration (see section 4.1). The conventionally dried mixture 4 has the second highest average maximum
tensile stresses due to higher homogeneity despite an increased proportion of solvent (see section 4.1).
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Figure 6: Maximum adhesion forces of all mixtures dried by

Furthermore, the conventionally dried mixture 1 and mixture 2 have the lowest average maximum tensile
stresses. Therefore, the conventionally dried standard mixture has no significant losses regarding its
adhesion. Potentially, the shrinking forces occurring during convection drying at the temperatures of 110 °C
and 130 °C are comparatively low. As a result, the SBR had no significant effect regarding its improvement
of elastically force absorption due to low shrinking forces. In Figure 6 the maximum tensile stresses are
shown for the convection drying and laser-based drying. Here, the standard deviations are not to be
understood as drying or measuring accuracy, but rather the range in which the measured values of the
parameters sets 1, 3 and 5 lie. For every mixture, the maximum tensile stresses after laser-based drying are
lower in comparison to convection drying. Especially the laser-dried mixture 3 shows the highest loss of
tensile stresses in comparison to convective drying. Looking at the relative losses of tensile stresses after
laser-based drying, the high laser intensity potentially damages the CMC. This explains the massive tensile
stress losses of the laser-based drying of the mixture with an increased proportion of CMC. The loss 0f 40 %
of tensile stresses of the laser-dried mixture 4 is higher than the loss of 35 % of tensile stresses of the laser-
dried mixture 1. This potentially leads back to the relatively higher proportion of SBR in mixture 1 (3.4 %)
than in mixture 4 (3.3 %). SBR can potentially cause a better absorption of the shrinking forces that occur
during laser drying.
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5. Conclusion

In summary, it could be shown that comparable residual moisture results and slightly lower to equivalent
adhesion forces of the active material on the carrier film can be achieved with laser drying compared to
convection drying. In particular, the graphite concentration has a significant influence on the residual
moisture of the active material due to the high degree of absorption in the wave spectrum of the diode laser
used. Furthermore, it could be shown that the solvent concentration and the amount of binders used, such as
CMC and SBR, have an influence on the drying result. Regarding adhesion forces, it was shown that CMC
is more sensitive to binder degradation at high laser intensities compared to SBR. This can lead to
significantly high losses in the maximum tensile stresses for adhesion to the carrier film. Thus, lower laser
intensities should be used to reduce the adhesion loss compared to convection drying. SBR seems to be a
suitable binder for laser drying, as the shrinkage forces affecting the film and the coating during the drying
process can be absorbed more elastically. For the process side evaluation, it can be stated that due to the non-
linear power curve of the laser in the lower tenth of the retrievable power, there are challenges in correctly
setting the laser intensity and the intensity cannot be easily scaled. Increasing the flow rate c.p. increases the
wet film thickness and thus also the residual moisture. In addition, the tensile stress decreases with increasing
residual moisture, as the binders can no longer fully exploit their adhesive properties at high moisture levels.

In conclusion, electrode drying by laser proves to be a promising alternative due to the low energy and space
requirements. In the future, it should be investigated how laser drying can be scaled up to higher web speeds,
for example by connecting several laser modules in series. Furthermore, it is necessary to compare the
experimental results of other laser drying processes (e.g. VCSEL) with the experimental results of this paper.
Another advantage of laser drying compared to convection drying is the faster controllability of the system,
as the energy used can be adjusted without delay and long warm-up phases of the oven are avoided. Further
research is needed to investigate the interdependencies of the laser drying process on the final cell quality
and to further detail a process window for laser drying of anodes and cathodes for optimal electrode quality.
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